A series of 5-phenylazo-2-thioxo-4-thiazolidinone derivatives (L1-L5) have been prepared and characterized by elemental analysis, and IR spectra. Rhodanine and its derivatives are used as an inhibition of mycobacterium tuberculosis and in medicinal preparations . Azo compounds based on rhodanine play a central role as chelating agents for a large number of metal ions, as they form a stable six-membered ring after complexation with the metal ion and can also be used as analytical reagents. Proton-ligand dissociation constants of (L1-L5) and their metal-ligand stability constants of their complexes with (MI?, coZ*, Ni2+, C U~+ , C~~+ , La3+, F I T , and zr4+) metal ions have been determined potentiornettically in 0.1M KC1 and 40% (vlv) ethanol-water mixture. The influence of substituents on the dissociation and stability constants was examined on the basis of the electron repelling property of the substituent. The order of the stability constants of the formed complexes was found to be ~n ' + < co2+< ~i'*< C U~" < C~~+ < La3+< ~f 3 + < zr4+. The effect of temperature was studied and the corresponding thermodynamic parameters (AG, MI and AS) were derived and discussed. The dissociation process is nonspontaneous, endothermic and entropically unfavourable. The formation of the metal complexes has been found to be spontaneous, endothermic and entropically favourable.
INTRODUCTION
MnZ*, Co2+, ~i " , cuZ+,cd2+, ~a~+ , @, and zr4+ complexes with 5-phenylazorhodanine derivatives at of rhodanine and its derivatives &£fierent temperatures and substituent effects on the attracted special interest due to their inhibition of dissociation and stability constants are also mycobacterium tuberculosis [l] and as potential lvestigated. the umesponding medicina1 P~~P~~~~~~~ L21. Azo comwds based On thermodynamic functions of dissociation and rhodanine play a central role as chelating agents for a mmplexation are evaluated and disc.sed, large number of metal ions, as they form a stable six-membered ring after complexation with the metal ion 2e and can also be used as analytical reagents [3] . In 5-phenylazo-2-thioxo-4-thiazolidinone derivatives continuation to the earlier work 14-81? herein the were prepared. The s$ndard chemid aniline synthesis of 5-phenylazo-2-thioxo-4-thiazolidinone or 4diw111anine and rhodanine were used were calculated from the titration curves of the acid in the absence and presence of a ligand. Thus, the formation curves ( LA vs. pH ) for the proton-ligand systems were constructed and found to extend between 0 and 2 in the iA scale. Ligands &-Ls) have two ionizable protons (the enolized hydrogen ions of the -SH group in the rhodanine moiety, p~l H and in hydrazo from, p~~~ ) [I 11 . It can be seen that for the same volume of NaOH added the ligand titration curves had a lower pH value than the acid titration curve. The displacement of a ligand titration curve along the volume axis with respect to the acid titration curve is an indication of proton dissociation.
The proton-ligand stability constants were calculated using the method of Irving and Rossotti [12] . The -SH group is known to be highly acidic, indicating a weaker bonding between the proton and the sulphur donor. This means that the proton-ligand stability constant of pKIH of ( L 1 -L5) should be low due to the dissociation of the -SH group [13] .Three types of tautomerism can be suggested for the compounds L1 -Ls as follows [7] . A 
Substituent effect on pK
An-inspection of the results in Table 2 reveals that the pKH values of 5-phenyl azorhodanine (L3) and its substituted derivatives are influenced by the inductive or mesomeric effect of the substituents. The p-OCH3 and p-CQ derivatives (L1 and L1) have a lower acidic character (higher p~H values) than the p-C1 and p-NO2 derivatives (L4 and L5). This is quite reasonable because the presence of p-OCH3 and p-CH3 groups (i.e. an electron donating effect) will enhance the electron density by their high positive inductive or mesomeric effect, where by a stronger 0-H bond is formed. The presence of p-C1 and p-NOz groups (i.e. an electron withdrawing effect) will lead to the opposite effect. The results are also in accordance with Harnmett's para substituent constant values d 7 14 . Straight lines are obtained on A 9 I plotting pK values at different temperatures versus oX (Figs.2 , 3) . The ara substituents have a direct R influence on the pK values of the investigated compounds, revealing the co-planarity of the molecule and thus affording a maximum resonance via delocalization of its n-system.
Metal-ligand stability constants
The formation curves for the metal complexes were obtained by plotting the average number of ligands attached per metal ions ( n ) versus the free ligand exponent (pL), according to Irving and Rossotti [IS] . These curves were analyzed and the successive stability constants were determined using different computational methods [16, 17] which agree within 1% error. Accordingly, the average values are represented in Table 3 . The following general remarks can be pointed out:
(i) The maximum value of n was = 2 indicating the formation of 1:l and 1:2 (meta1:ligand) complexes only.
(ii) The metal ion solution used in the present study was very dilute (2 x low5 M), hence there was no possibility of formation of polynuclear complexes WI.
(iii) The metal titration curves were displaced to the right-hand side of the ligand titration curves along the volume axis, indicating proton release upon complex formation of the metal ion with the ligand. The large decrease in pH for the metal titration curves relative to ligand titration curves point to the formation of strong metal complexes [19] . (iv) In most cases, the colour of the solution after complex formation was observed to be different from the colour of the ligand at the same pH.
(v) For the same ligand at constant temperature, the stability of the chelates increases in the order h4n2+< co2'< ~i~~< C U~+ < C~~+ < ~a~+ < w< zr4+ [20, 21] .
This order largely reflects the changes in the heat of complex formation across the series from a combination of the influence of both the polarizing ability of the metal ion [22] and the crystal-field stabilization energies [23] . 3.4 Effect of the substituent X on the stability of the complexes An inspection of the results in Table 3 reveals that the stability constant values of the complexes of 5 and its substituted derivatives are influenced by the inductive or mesomeric effect of the substituents. This behaviour correlates with the effect of substitution on the phenyl ring as follows: (i) The high stability of L1 and L2 complexes can be attributed to the presence of the -0CH3 and -CH3 groups in the p-position relative to the azo group, respectively. This is quite reasonable because the presence of p-OCH3 and p-CH3 groups (i.e. an electron donating effect) will enhance the electron density by their high positive indicative or mesorneric effect, whereby stronger chelation was formed and therefore the stability of the complexes.
(ii) The low stability of Lg and L4 complexes can be attributed to the presence of the -NO2 and -C1 groups in the p-position relative to the azo group, respectively. This is caused by the negative indicative effect of the -NO2 and -C1 groups which decreases its ability for chelation and therefore the stability of the complexes.
(iii) For the Iigands with the same metal ion at constant temperature, the stability of the chelates decreases in the order L1 > L2 > L3 > L4 > L5 [7, 24] .
Effect of temperature
The dissociation constant ( p~H ) for 5-phenyl azorhodanine (L3) and its derivatives, as well as the stability constants of their complexes with ~n~+ , co2+, ~i~' , C U~+ , C~~+ , ~a~' , Hf3+ and 2r4+ have been evaluated at 298, 308 and 318 K, and are given in Table 2 All thermodynamic parameters of the dissociation process of L3 and its derivatives are recorded in Table 2 . From these results the following conclusions can be made: (a) The p~H values decrease with increasing temperature, i.e., the acidity of the ligands increases, independent of the nature of the substituent [7] .
(b) A positive value of AH indicates that the process is endothermic. (c) A large positive value of AG indicates that the dissociation process is not spontaneous [25] . (d) The dissociation processes for L3 and its derivatives have negative values of A S due to increase order as a result of the solvation processes.
All the thermodynamic parameters of the stepwise stability constants of complexes are recorded in Table 4 . It is known that the metal ions exist in solution as octahedrally hydrated species [17] and the obtained values of AH and AS can then be considered as the sum of two contributions: (a) release of H20 molecules, and (b) metal-ligand bond formation. Examination of these values shows that: M. F: El-Sherbiny, i Y E. Salam, "I'otentiometric and Thermodynamic Studies of 5-Phenyl Azorhodanine ... ... " (i) The stepwise stability constants (log K, and log K2) for ligand complexes increases with increasing temperature, i.e., its stability constants increase with increasing the temperature. (ii) The negative value of AG for the complexation process suggests the spontaneous nature of such process [24] . (iii) The AH values are positive, meaning that these processes are endothermic and favourable at higher temperature. (iv) The AS values for the ligand complexes are positive, confirming that the complex formation is entropically favourable [5].
CONCLUSIONS
The following conclusions can be withdrawn from this research: 1. The order of the stability constants of the formed complexes were found to be ~n ' + < co2+< ~i ' + < cu2+<cd2+< ~a~+ < KP+< zr4+.
2. The dissociation process of 5-phenyl azorhodanine and its derivatives is nonspontaneous, endothermic and entropically unfavourable. 3. The formation of the metal complexes has been found to be spontaneous, endothermic and entropically favourable. 
